Background-The exact mechanisms by which Helicobacter pylori infection results in gastric mucosal injury are unclear. Aims-To assess in vivo whether H pylori extracts could initiate an inflammatory response in the rat gastric mucosal microcirculation. Methods-Extracts of H pylori, Escherichia coli, or distilled water were administered topically to the gastric mucosa of anaesthetised animals. Fluorescence in vivo microscopy assessed macromolecular leakage of labelled albumin from mucosal vessels, leucocyte adherence/rolling, and platelet activity for 90 minutes. Results-H pylori induced increases (p<0.001) in adherent platelet thrombi and circulating platelet emboli after five and 15 minutes respectively. Adherent platelet thrombi (mean of four per field of view) remained significantly increased throughout the experiment, but circulating emboli (maximum of five at 30 minutes) decreased with time. Leucocyte adherence did not occur although early transient rolling was observed. An 11% increase (p<0.02) in albumin leakage occurred after five minutes only. The induction of platelet aggregation was only observed following H pylori administration. Conclusion-This in vivo study demonstrated the ability of H pylori extracts to promote platelet aggregation within gastric mucosal microvessels. Recruitment of leucocytes was not observed. The results suggest that the early events associated with H pylori infection are platelet aggregation with perhaps subsequent leucocyte recruitment by activated platelets. (Gut 1997; 41: 748-752) 
The pathophysiology of Helicobacter pylori associated gastritis and peptic ulceration, and in particular, the mechanism by which this non-invasive bacterium induces mucosal inflammation, is poorly understood. However, many in vitro studies have shown that the bacterial surface proteins, extracted into water by centrifugation and vortex methods, are chemotactic for neutrophils and monocytes. [1] [2] [3] [4] In vivo investigations on the rat mesentery have also shown that these aqueous extracts cause leucocyte adherence in, and emigration from the microcirculation. 5 6 These observations suggest that H pylori recruits inflammatory cells by actively releasing or passively shedding cellular components which, after absorption into the mucosa, serve as chemoattractants for such cells. 7 H pylori infection is, however, commonly localised to the stomach and therefore the findings of leucocyte involvement within the mesentery may not be mirrored in the gastric mucosa. This study aimed to assess in vivo the response of the gastric mucosal microcirculation to extracted H pylori surface proteins. Fluorescence in vivo microscopy was used to determine whether H pylori could induce alterations in leucocyte rolling and adherence, platelet activity, labelled albumin leakage from gastric mucosal capillaries and post-capillary venules (PCVs), and also to assess changes in vessel diameter and blood flow. Alterations in these microcirculatory parameters are characteristic features of acute inflammation 8 and have been altered during other models of gastric injury induced by administration of a variety of toxic agents including ethanol and non-steroidal anti-inflammatory drugs. 9 10 
Materials and Methods

PREPARATION OF H PYLORI WATER EXTRACTS
H pylori isolates, cultured from gastric antral biopsy specimens taken from six patients with active duodenal ulcer, were harvested into distilled water producing a suspension containing 10 9 -10 10 organisms/ml. The cell suspension was sonicated five times on ice for five seconds with 30 seconds between each sonication and then centrifuged at 12 000 rpm for 15 minutes at 4°C. The initial supernatant was further centrifuged at 18 000 rpm for 30 minutes and the pellet discarded. The final supernatant was stored in aliquots of 0.5 ml at -20°C until use. Pooling of the H pylori extracts obtained from six diVerent patients avoided strain variations that could lead to conflicting results. It is assumed therefore that the antigenic preparation used is representative of the diVerent superficial and secreted components found in diVerent H pylori strains. Control extracts of Escherichia coli were also prepared using pooled extracts from six patients to produce a suspension of 10 9 -10 10 organisms/ml. The extract was produced in a manner similar to that used for H pylori.
ANIMALS
Experiments were carried out on fasted adult male Wistar rats (100-150 g) anaesthetised with a subcutaneous injection of diazepam (5 mg/ml) and Hypnorm (fentanyl citrate 0.315 mg/ml and fluanisone 10 mg/ml) in a 1:1 ratio at a volume of 0.1 ml/100 g body weight. All experimental procedures were carried out in accordance with Home OYce approval.
SURGICAL PROCEDURE
Tracheotomy was performed and an oesophageal thermistor probe was inserted and connected to a thermometer (Fluke, Washington, USA). A cannula was placed in the left carotid artery and was connected to a pressure transducer and physiograph (Micro-Med, Louisville, USA) to monitor mean arterial blood pressure, heart rate, and also to provide access for administration of fluorochromes.
After laparotomy a 1.0 cm incision was made with an electric microcautery in the middle of the anterior wall of the exteriorised stomach parallel to the "limiting ridge" (separates the squamous cell lined forestomach from the more distal glandular stomach). It was on the glandular portion of the posterior mucosal surface of the stomach that the observations were made. Care was taken to avoid burning through blood vessels.
The animal was placed on its left side onto a heating pad on a special perspex stage to maintain body temperature around 35-37°C. A glass microscope slide was mounted on perspex pegs and the stomach was gently extended onto it and held in place by a stay suture.
The incision made in the anterior wall was opened using microclamps to allow visualisation of the posterior mucosal surface. The stomach was kept warm by covering with Saran wrap, an impermeable membrane, that also prevented dehydration.
FLUORESCENCE IN VIVO MICROSCOPY
The animal, warming pad, and perspex board were transferred to the stage of a Leitz microscope equipped with a mercury arc lamp for epi-illumination fluorescence light microscopy. A filter cube interposed into the light path of the mercury arc lamp permitted green light (530-560 nm) and blue light (450-490 nm) to be selected for epi-illumination. Images of the preparation were monitored using a cooled coupled device camera (CCD, Hitachi) displayed on a high resolution monitor (Sony PVM-1443) and recorded by video (Sony SLV-373-UB) for later oV line analysis. All instruments were calibrated prior to each experiment.
Following the surgical procedure, 30 minutes were allowed for blood pressure, heart rate, and body temperature to stabilise. These parameters were then monitored every 15 minutes for the remainder of the experiment. After the stabilisation period either acridine red, which fluoresces under green light (0.1 ml/100 g body weight) or fluorescein isothiocyanate conjugated to bovine serum albumin, which fluoresces under blue light (FITC-BSA, 0.2 ml/ 100 g body weight) was injected via the carotid cannula. Acridine red labels leucocytes and FITC-BSA allows blood flow to be visualised. Under circumstances resulting in increased microvascular permeability to macromolecules, FITC-BSA can be observed to leak from the vasculature appearing as a flare in the interstitium. The interstitial fluorescence intensity is proportional to the degree of FITC-BSA leakage from the vessels. Details on the methodology and validity of this in vivo technique have been described previously. 11 12 Animals were randomly divided into groups of six, receiving either H pylori, E coli, or distilled water. Three areas of the gastric mucosa were preselected in each animal for observation. These areas included the mucosal capillaries and at least one PCV ensuring that both these vessel types could be assessed. Changes in mucosal blood flow, macromolecular leakage, and vessel diameter were assessed. (In acridine red preparations only two areas of the mucosa were observed due to poorer resolution with this fluorochrome compared with FITC-BSA.)
Measurements were recorded from all selected regions five minutes after administration of the fluorochromes. Mucus present on the exposed stomach was removed prior to a single and topical application of 0.5 ml of either H pylori, E coli, or distilled water, which remained in contact with the mucosa for the 90 minute duration of the experiment. The procedure used to visualise the posterior mucosal surface allowed for the test extract to be simply held within the exposed region by the outer cautered edges of the anterior wall. Posttreatment recordings were made after five minutes and then every 15 minutes for 90 minutes.
DATA COLLECTION AND QUANTIFICATION
Leucocyte and platelet activity
The total number of adherent and rolling leucocytes within capillaries and PCVs in each field of view was determined oV line from the videotapes. A leucocyte was considered adherent to the vessel endothelium if it remained stationary for >30 seconds. Adherent and rolling leucocytes were expressed as the number per field of view observed during a one minute period of continuous observation. As with the macromolecular leakage experiments, recordings were made at five minutes post-treatment and then every 15 minutes for 90 minutes.
Acridine red labels platelets as well as leucocytes but platelets can only be observed once aggregation has occurred. Therefore the sum of circulating platelet aggregates and adherent thrombi observed during a one minute period could also be quantitated in the same areas.
Macromolecular leakage
In order to quantitate FITC-BSA leakage from gastric microcirculation, an area adjacent to three segments of the PCV and surrounding three separate capillaries was selected. Computerised image analysis (Image Pro Plus, Media Cybernetics, USA) was used to measure mean interstitial fluorescence at each time point during the experiment.
Vessel diameters and blood flow
Diameters of the PCVs and capillaries were also measured using computerised image analysis and mucosal vessel blood flow was assessed qualitatively as normal, reduced, or absent.
Statistical analysis
Results were tested for significance using the Mann-Whitney test for non-parametric data and the paired Student's t test. Values of p<0.05 were considered to be statistically significant. Data are presented throughout as means (SEM).
Results
H pylori extracts induced platelet aggregation in gastric mucosal microvessels (fig 1) . Adherent, but non-occlusive, platelet thrombi were only within the mucosal capillaries and not within the PCVs. A significant (p<0.001) maximum eVect occurred at 15 minutes when a mean of four aggregates was observed in the field of view. This was sustained for the duration of the experiment. Circulating platelet aggregates were observed within the PCVs and reached statistical significance after 15 minutes (p<0.001) but this eVect was transient, returning to normal/control values at 75 minutes. Neither E coli nor distilled water had significant eVects on platelet activity. Figure 2 shows the eVects of H pylori on leucocyte adherence and rolling. There was no significant increase in leucocyte adherence. However, the number of rolling leucocytes increased significantly (p<0.001) at five minutes but again this eVect diminished after five minutes. Changes in leucocyte activity were not observed in control animals.
An 11% increase (p<0.02) in macromolecular leakage from PCVs was observed after five minutes incubation with the H pylori extract. Values decreased rapidly thereafter approaching those seen with distilled water (fig 3) . E coli showed a significant increase (7%; p<0.05) in leakage at 40 minutes. Distilled water showed no significant change in macromolecular leakage at any time point. A similar pattern of events was observed in the mucosal capillaries.
None of the substances tested produced any significant change in the diameters of either the mucosal PCVs or capillaries which remained constant throughout the course of the experiment, although the technique does allow for changes to be detected (values for H pylori: PCVs 26.3 (2.2) µm at five minutes and 25.4 (3.1) µm at 90 minutes; capillaries 12.9 (1.1) µm at five minutes and 12.7 (0.99) µm at 90 minutes). Although blood flow was assessed qualitatively, no visible changes appeared to be induced. The physiological parameters, heart rate, and blood pressure, remained constant throughout the course of the experiment for all study groups. 
Discussion
This in vivo study showed changes in the rat gastric mucosal microcirculation in response to H pylori protein extracts. The most striking eVect was the induction of significant numbers of circulating platelet emboli which was unique to H pylori. Transient macromolecular leakage of fluorescently labelled albumin was also observed. However, leucocyte adherence to the endothelium, a frequently observed phenomenon in in vitro and histological studies, was not shown. Significant increases in macromolecular leakage were observed immediately after administration of H pylori. However, studies on the mesentery show a far greater eVect on this parameter with increases as high as 70% after 30 minutes. 6 This could simply be due to mesenteric venules being more permeable to macromolecules than the gastric mucosal venules. 6 It is also possible that the so-called "leak" in the stomach is an artefact brought about by the possible flare from the test substances on the mucosa. This seems unlikely, however, as the bacterial control, E coli, induced "leak" at diVerent time points, whereas distilled water, which was present on the mucosa continuously, did not. Kurose et al did however show a significant linear correlation (r=0.891) between the number of emigrated leucocytes and the extent of albumin leakage in the mesentery. 6 Subsequent monoclonal antibody studies to prevent leucocyte emigration showed that the early increase in leakage (at 10 minutes) was not dependent on leucocytes whereas the later increase (at 30 minutes) was leucocyte dependent. The lack of leucocyte activity may explain why no further increases in leakage were not observed. It is possible that the early leak observed in the current studies is due to some mechanism not involving leucocytes, perhaps mast cell mediated.
Significant increases in macromolecular leakage were also observed with E coli. This bacteria's endotoxin has previously been observed to increase vascular permeability. 13 Although it is documented that large amounts of E coli endotoxin produce haemorrhagic mucosal lesions in the stomach, 14 the significance of small and transient leakage, as observed in the current study for both E coli and H pylori, is unclear.
The formation of a mucus barrier subsequent to the topical administration of the H pylori sonicates may explain the transient nature of both the macromolecular leakage and the platelet aggregation. Such a barrier would inhibit further proinflammatory substances within the H pylori suspension diVusing across the mucosa to gain access into the interstitium. Additionally, adaptation of the mucosal microcirculation may occur after treatment, or the extract itself may lose its chemotactic potential with time.
Adherence of leucocytes was not a major feature of this study and this diVers from previous in vivo studies performed on the rat mesentery. 5 6 Although an immediate and significant increase in leucocyte rolling was observed, this was transient and is probably not biologically significant in the mechanisms of H pylori induced damage in this particular model. Also, activation of leucocytes is usually manifested by adherence to the endothelial wall with subsequent extravasation into the interstitium. A longer period of superfusion with the H pylori sonicate may be necessary to elicit such significant changes in leucocyte activity. The possibility exists that leucocytes may actually be present within the platelet aggregates, although the in vivo microscopy technique did not have the resolution for precise analysis. However, electron microscopy of the tissue (unpublished data) showed that the aggregates were purely platelet in nature. This diVers from the observations made in vivo on the mesentery where the extract induced the formation of platelet-leucocyte aggregates. 6 DiVerences in the responses of these two tissue beds may be brought about by diVerences in the distribution of adhesion molecules on the endothelial cells of the mesentery and gastric mucosa. It seems reasonable to suggest that if leucocytes are an important component of the H pylori induced disturbances, they would probably have shown an increased activity.
Most importantly, this study has shown directly a potential role for platelet aggregation in H pylori induced gastric mucosal inflammation. It is now recognised that platelets themselves participate in the inflammatory response by acting as a potent source of inflammatory mediators and modulating the activity of other inflammatory cells. 15 The early events in H pylori induced inflammation may be the induction of platelet aggregation and the subsequent recruitment of leucocytes. In fact, an important role has been attributed to platelets in inflammatory bowel disease. 16 It is quite possible that occlusion of microvessels by platelet thrombi may lead to focal mucosal infarction and therefore tissue necrosis. N Kalia and this study were supported by Bardhan Research and Education Trust; registered charity number 328452.
We are establishing a national UK register (EUROPAC) of families with hereditary pancreatitis, familial pancreatic cancer and where pancreatic cancer has occurred as part of a familial cancer syndrome. This collaboration in Liverpool is between the Department of Clinical Genetics ( Dr Ian Ellis) and the Academic Department of Surgery (Professor John Neoptolemos). The data and samples are collected by behalf of ESPAC (the European Study Group for Pancreatic Cancer), Professor Markus Büchler, Berne, and Professor Hans Beger, Ulm. The study will collaborate with Dr David Whitcomb of the Midwest Multicenter Pancreatitis study group in the United States. We aim to recruit families who are prepared to donate blood for DNA studies. We hope to gain a clearer understanding of the genetic relationship between hereditary pancreatitis and familial pancreatic cancer, and develop screening protocols for individuals at risk.
Hereditary pancreatitis is associated with a mutation in the recently identified cationic trypsinogen gene. This mutation renders the enzyme active within the pancreas, leading to autodigestion. Individuals with recurrent pancreatitis have a greatly increased risk of developing pancreatic cancer, and there is some evidence that DNA analysis of cells from pancreatic fluid may be valuable in detecting premalignant changes which can predict the development of pancreatic adenocarcinoma. Thank you for your help.
